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Foreword: 


Hsfss 


The  need  has  arisen  in  the  Naval  Ordnance  Laboratory  for  an 
apparatus  to  measure  the  susceptibility  of  explosives  and  pyro¬ 
technic  natarlala  to  initiation  by  a  static  electrical  spark 
ci  3  char  go.  By  charging  a  team  condenser  to  a  known  voltage, 
a  calculable  quantity  of  energy  can  be  dissipated  in  a  spark 
through  an  explosive  sanple.  After  seas  preliainary  work  at 
the  Naval  Ordnance  Laboratory  and  after  the  inspection  of  the 
apparatus  at  the  Bureau  ci  Mires,  it  was  decided  to  build  an 
apparatur  of  the  design  given  below.  Although  the  basic  circuit 
is  quite  simple,  much  care  was  taken  to . eliminate  loss  of  charge 
that  might  arise  from  corona  cr  surface  leakage. 

The  data  and  conclusions  presented  heroin  ere  preliminary  infor¬ 
mation  for  the  use  of  the  Engineering  Department.  They  nay 
not  represent  the  final  judgment  of  the  Laboratory. 

{a)  Btf, lines  Report,  ‘’Sensitivity  of  Explosive  to  Initiation  by 

Electrostatic  Discharges0  (S»I.  3852)  dated  January  1946, 
(b)  BuOrd  ltr,  NP51(fie2a-134~2)  LES/llb  dated  25  October  1948. 

SfflBL  me  KP51/S73-1  pr)1740). 


Ends:  (A)  Plates  1  through  8. 


I,  HEED  FOE  SPARK  SENSITIVITY  DATA 

1.  Safety  in  Handlings  Explosive  compositions  vftich  are  notorious 
for  their  susceptibility  to  initiation  by  electrostatic  discharge  are  being 
used  in  oarjj  ordnance  designs.  From  the  standpoint  of  safety  of  handling 
of  the  explosive  loads,  it  is  sxtrenaly  desirable  to  desensitize  the  explo¬ 
sive,  Obviously,  some  quantitative  ■etiicd  of  measuring  the  sensitivity  is 
required.  A  criterion  of  acceptability  could  then  be  established, 

2.  t'Secheaisa  of  Initiation:  Ip  studying  the  xechanisaB  of  the 
initiation  end  propagation  of  chock  wav  i.  in  explosives,  one  avenue  of  ap¬ 
proach  is  to  attempt  to  correlate*  the  energies  required  for  various  methods 
of  initiation,  such  as  ty  electric  spark,  by  hot  wire,  by  mechanical  impact, 
by  open  f  1  site ,  by  explosive  shock  vava.,  etc.  In  order  to  obtain  spark 
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initiation  data  of  any  value  in  curb  a  coagulation,  quantitative  results 
are  required.  Here,  however,  the  problem  3a  probably  av.cfe  more  difficult 
because  absolute  energy  values  would  bo  desired  rather  than  relative 
values  referred  to  an  arbitrary  scale.  Although  the  amount  of  electrical 
energy  available  in  s  particular  test  night  be  determined  readily,  it 
might  be  quite  difficult  to  estimate  the  retie*  of  energy  dissipated  in 
the  explosive  to  the  total  energy  discharged  in  the  system 

3*  Immediate  Objective s  A  directive  fron  the  Bureau  of  Ordnance 
(reference  (&})  "specifically  requests  that  sensitivity  data  ba  obtained 
for  use  in  the  project  outlined  therein.  Because  of  the  urgency  of  the 
request,  the  limited  design  which  is  described  in  Section  V  wan  adopted 
and  the  apparatus  built. 

n.  METHOD  OF  DETERimrAnOH 

1.  Calculation  of  energy  Absorptions  If  a  condenser  (B)  (See  Plate 
£,  Fig.  1)  wars  to  be  charged  tc  e  knom  voltage  and  then  discharged  in  en 
arc  between  two  electrodes  (A  &  C)  through  on  esplooivo  aasplo  (B),  the 
energy  dissipated  in  the  eanpls  would  be  equal  to  the  energy  stored  in  the 
condenser  multiplied  by  the  absorption  coefficient. 

E  -  5CV^(oc)  wheres  E  is  enrrjy  in  ergo 

C  ie  capacity  in  aicroaicrofarada 
V  is  potential  in  kilovolt-3 
C(  is  absorption  coefficient. 

If,  in  an  arc  discharge  of  this  nature,  it  is  assumed  that  the  value  of 
would  not  be  too  different  from  the  vsiuo  which  would  apply  to  a  spark 
J  unpin  g  between  an  explosive  sample  and  a  charged  mid  electrically  insulated 
human  being,  than  an  arbitrary  scale  of  comparison  can  bs  readily  set  up,  which 
would  be  useful  in  estimating  loading  and  handling  hazards.  In  selecting  the 
dividing  line  between  “safe®  and  •unsafe15,  on©  should  renaubar  that  aeasuro- 
ments  have  shorn  that  it  ia  possible,  under  appropriate  conditions,  for  a 
human  being  to  show  an  effective  capacity  to  ground  of  400  Eafd,  and  to 
accumulate  a  charge  of  151V, — on  energy  of  i-pproximatoly  500,003  ergs. 

2.  Basic  Circuit:  The  essentials  of  o  suitable  testing  device  would 
be  a  caDac  itor  of  known  value,  a  removable  sources  of  charging  voltage,  a 
method  of  determining  the  potential  to  which  the  capacitor  is  charged,  and 

an  electrode  system  to  guide  the  condenser  discharge  arc  through  the  explosive 
sample. 

*  This  ratio  will  be  termed  * absorption  coefficient81  throughout  this  paper, 
and  will  be  designated  by  alpha  (  ).  It.  3,?  appropriate  at  this  point  to  em¬ 
phasise  the  fact  that  X  is  an  arbitrr ry  "buggor13  factor  to  account  for 
the  large  difference  between  energy  require:,  to  initiate  exnlordva  by  spark 
discharge  and  tho  energy  required  for  sand  :thor  process,  such  as  by  a  hot  wire. 
Sources  of  variation  of  c /  probably  con  ba  fouud  in  soma  of  tbo  parameters 
mentioned  in  paragraph  2  of  Section  VI. 
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III.  BACKGROUND 

1,.  Preliminary  T'orh  at  ItCLs  The  results  given  in  the  Bureau 
of  Mines  Repc-zt  (reference  (off  vcare  its  ed  as  an  indication  of  the  probable 
range  of  operation  that  would  bo  needed  fcs*  the  intended  study.  For  a 
preliminary  apparatus,  a  standard  drop  tester  vas  codified  to  permit  plac¬ 
ing  an  explosive  sample  on  en  insulated  '^d  charged  electrode.  (See  Plat©  1, 
Fig.  2  and  Plato  2).  A  grounded  pointed  electrode  wge  moved  ■'.own  into  arcing 
distance  fror  the  explosive  by  the  drop  height  adjustment  nccnanien.  Plasticon 
•Glaasaike**  condensers  were  charged  up  through  an  appropriate  resistor  by  a 
Dtffont  10  K7  B.F.  Supply.  The  explosive  holder  was  lnrulat-d  by  a  piece  of 
polystyrene-.  An  interlock  control  systraa  was  installed  to  protect  against 
preaature  firing  of  the  sample  and  to  less  in  tha  cbsace  of  electrocuting  the 
operator. 

2.  Liaiteticns  of  Preliminary  HOL  Apparatus:  Results  with  semo  re¬ 
latively  insensitive  samples  agraed  fairly  well  with  those  of  the  Bureau  of 
Mines.  However,  when  the  lower  energy  ranges  were  tried,  it  was  impossible 
to  maintain  an  isolated  charge  because  of  corona  and  leakage  losses.  Phsn 
the  condenser  was  connected  to  the  power  supply  through  e  sufficiently  low 
resistance  to  compensate  for  these  losses,  the  RC  constant  ms  so  short  that 
repetitive  discharges  occurred. 

3.  Limitations  of  Bureau  of  i'insg  Apparatus:  At  this  point,  it  was 
decided  that  a  trip  to  Bruceton,  Pa.  to  inspect  the  Pureau  of  Mines  apparatus 
was  in  order.  This  trip  verified  the  difficulty  inherent  in  attempting  to 
maintain  a  high  voltage  charge  on  a  &aall  capacitor  installed  in  this  type 
of  apparatus.  An  attempt  to  cut  down  losses  had  been  made  by  dehumidifying 
the  apparatus  and  the  room  in  which  it  v<as  installed.  Sven  sc,  there  oeemod 
to  be  definite  reasons  to  feel  that  it  would  not  be  possible  to  expect  this 
apparatus  to  function  satisfactorily  below  about  100,001  ergo. 

4*  Immediate  Requirements;  In  ordjr  to  obtain  data  for  explosives 
whose  energy  ranges  were  expected  to  fall  between  2,000  and  60,000  ergs,  it 
was  decided  that  no  available  apparatus  wa;  suitable.  Siaco  the  need  for 
these  data  was  urgent  it  was  decided  to  expedite  the  construction  of  en  ap¬ 
paratus  of  limited  range.  Utmost  car©  was  to  be  exercised,  nevertheless,  to 
minimise  leakage  end  corona  losses.  Design  to  minimize  radiation  loss  was 
considered  secondary  to  simplicity  and  eas>  of  manufacture. 

IV.  DESIGN  CONSIDERATIONS 

1.  Specifications  of  an  Ideal  Design:  It  is  felt  that  the  following 
requirements  should  be  met  in  the  design  of  a  versatile  test  and  research 
instrument. 

(a)  Charging  voltage  to  be  variable  from  4  KV  to  20  KV. 

(b)  Capacity  adjustable  from  25  naifd  to  0.1  mfd  in  steps  no 
greater  then  50  uicfi.  Thin  would  permit  testing  of  materials 
ranging  from  the  cxtromsly  sensitive  to  such  comparatively 
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(e) 

(o) 

(®) 


<f) 


i?) 


in52~.3£t'.v3  substances  as  lug  powder,  Wi' t  etc* 

The  frcbs  should  be  so,  am  aged  that  It  could  bo 
brought  rapidly  and  repeatedly  to  any  desired  distance 
.iron  the  surface  of  the  explosive  easrple. 

The  polarity  0.f  the  probe  with  respect  to  the  explosive 
should  be  reversible. 

All  components  end  electrodes  should  be  mounted  on  in¬ 
sulators  with  long  leakage  ioatha  between  tbs  two  sides 
of  the  sjetam  end  long  leakage  paths  to  ground.  The 
insulators  should  have  the  highest  possible  volume  and 
f.urfsce  resistivities. 

S  ®houldJia;ra  hihh  voltage  ratings.  Capacitors 

end  critical  relays  should  have  negligible  cold  ami  esioo 
characteristics  at  20  CT.  The  leakage  resistance  of  each 
capacitor  ano  its  associated  switches  and  connectors  should 
oe  so  high  that  its  RC  time  would  exceed  10  minutes. 

All  capacitor  sv/itching  oust  be  done  by  relays  or  other 
mutable  remote  control  device.  Connecting  or  disconnect¬ 
ing  capacitors  by  hand  (as  is  dons  in  the  bureau  of  olinss 
apparatus;  is  not  only  dangerous  ever,  with  the  boat  of 
“  „  systems,  out  is  not  a  precision  technique.  It 
would  be  very  difficult  to  carry'  out  ,  casual  changing  of 
caoacitors  vdthout  seriously  impairing  leakage  resistances 
because  of  the  deposition  of  conductive  films  of  persnira- 
tion,  finger  marks,  etc. 

T'ae.-.fleC^'rCKi8E  siK,ulcl  1,9  separated  from  the  energy  source 
so  that  corrosive  firing  gases  can  be  kept  away  fTon  leakaya- 
sensitive  surfaces.  L 

(i)  The  energ  source  (power  supply,  capacitors,  interlock  switch, 
ico^txon  ana  selector  relays)  should  be  completely  enclosed 
in  a  dust-free  and  dehumidified  chamber. 

All  connections  .aould  bo  nnda  with  conductors  at  least  1/4* 
in  d  smoter.  All  terminating  lines,  bends,  *TC  connections 
and  s.aaro  corner;1;,  edges  or  points  should  be  corona-protected 
tLtJe1UU?  0:  or  larSQr  spherical  surfaces,  shields,  or 

d?,1Jes  tc  rodu<J9  local  high  stress  potential  gradients. 


(h) 


(J) 


(k) 


. - .  ,  - t'uwuutu  graoient 

Ail  conductors  must  be  oolished  and  free  from  scratcl.es  and 
dust  to  or event  point  brush  disenargee. 

Tha  charged  capacitor  and  electrode  system  most  hold  its 
Dotentxal  after  being  completely  isolated  from  the  power 
source.  This  charge  should  be  maintained  with  less  than  1% 
loss  of  voltage  for  the  time  required  for  the  test. 

la^edlete^^SSS”  C??ssga§S-£aagA«  It  was  found  that  by  using 
wmild  *jft3ria3  ’’  cn  a?  ^raius  could  be  constructed  which 

L1/  3f  a3li  the  wqnireaents  listed  above.  Tho  capacitor  ran^e 
Vvould  cot  0(3  as  largo  in  capacity  or  as  hi-/  in  voltage  rati np.  Ten  9  °K 
Capaoite0  raUd  at  50  »M.  «  5  h  »,  Jt. 
nd  isolating  relays  wore  the  Eiuac  Vacuum  Belaya  VS-1  type.  Under  certain 
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conditions  some  of  tbs  relays  ware  cbcer-vei  to  spark  daring  operation. 

This  soark  did  not  appear  to  be  a  gassy  or  glow  discharge.  In  addition, 
soao  of  tli a  Taeuua  ‘'epacitors  appeared  to  be  polarity  sensitive.  Tven 
though  these  oanacitors  could  be  charged  to  the  rated  5,000  volts  without 
appreciable  leakage,  when  the  charge  polarity  tea  reversed,  leakage  and 
occasional  glow  discharge  occurred  even  at  voltages  as  low  as  2,500  volts. 

V.  DESCRIPTION  0?  rdSTALLfiTIOS 

1.  General  Arrangement:  {See  Plates  3  and  4).  The  housing  is  a 
lucite  box  five  feet  long,  two  feet  high,  and  two  feet  deep,  divided  into 
two  ccapartaonts — a  cubical  firing  chamber  and  a  rectangular  chamber  to 
house?  tho  power  assembly.  The  firing  chamber  is  connected  to  a  piping  and 
daaspor  arrangement  to  circulate  dry  air  and  to  exhaust  firing  gases.  The 
power  chamber  is  equipped  with  an  access  door  at  the  end  to  ?erait  intro¬ 
duction  of  dessicant  to  lower  the  humidity  of  the  chamber  as  required. 

Lucite  was  salected  for  the  oaterial  of  construction  for  the  main  housing 
for  the  follev'dng  reasons: 

(a)  It  was  readily  available. 

(b)  It  was  easily  nachitiod. 

(c)  It  is  structurally  insensitive  to  moisture  changes. 

(d)  It  is  a  good  insulator,  thus  aiding  in  the  reduction  of  leakage. 

(ej  It  is  transparent,  thus  permitting  close  inspection  of  operation 

at  all  times. 

2.  The  Power  Chamber;  Installed  iu  this  chamber  is  the  povrar  equip- 
nant  which  consists  of  an  input  from  the  high  voltage  i>ov;ar  supply,  polarity 
reversing  relay,  isolating  relays  to  permit,  disconnecting  the  capacitors  from 
the  power  supply  and  a  ban*  of  capacitors  and  relay  assemblies  to  permit 
switching  in  varying  total  capacities.  An  electrostatic  volt  meter  is 
permanently  connected  to  the  bus-bars  which  lead  into  the  fixing  chamber. 

3.  The  Firing  Chamber:  (Sec  Plate  5} .  In  this  chamber  axe  mounted 
two  electrodes:  the  lov/or  rigidly  mounted  electrode  being  tho  explosive 
support,  and  the  upper  electrode,  t  sliding  point  which  can  be  moved  covn 
into  arcing  distance.  Both  electrodes  era  mounted  on  machined  polystyrene 
supports.  These  supports  were  designed  to  give  long  londcage  oaths  and  to 
provide  recessed  surfaces  which  would  tend  to  b s  out  of  the  path  of  flying 
fragments  and  explosive  gaseous  products.  The  upper  electrode  is  essentially 
a  sliding  spring-supported  brass  rod  which  ties  through  a  collar  connected 

to  the  upper  bus -bar.  Tho  eliding  electrode  is  insulated  from  the  operator 
by  means  of  a  polystyrene  handle.  The  bottom  limit  of  travel  of  the  upper 
electrode  is  controlled  by  a  threaded  adjusting  unit  To  prevent  placing 
the  explosive  sample  cn  tho  lower  electrode  while  it  is  charged,  a  sliding 
door  lias  been  located  on  the  operator* a  side  of  the  chamber.  Opening  this 
door  operates  en  interlock  mechanism  which  shorts  the  upper  and  lower  bus¬ 
bars  through  a  piece  of  copper  strip.  A  large  access  door,  held  in  place  by 
machino  e crows,  was  installed  in  the  end  ci‘  the  apparatus  to  facilitate  work¬ 
ing  on  the  door  interlock  system  and  the  eloctrodes.  If  necessary  the  entire 
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panel  on  tho  operator's  side  can  to  removed  coopiate  with  the  interlock 
mefchcnir*. 

4.  Tho  Plpinr;  System:  (Soe  Plates  6  and  4).  A  fairly  elaborate 
system  of  pipes  and  darners  was  installed  so  that  dry  air  from  a  salf- 
reganeratiug  desiccant  dehunsidifier  could  be  circulated  through  th3  firing 
chamber  and  through  tho  room  in  which  tho  teat  apparatus  was  installed. 

Bjy  proper  manipulation  of  the  dampers  it  is  possible  to  direct  any  desired 
portion  of  the  air  flow  from  the  dehumidifier  into  the  firing  chamber.  ’ 

Furihar,  it  is  possible  to  control  the  flow  going  through  a  bypass  vMch 
houses  a  humidity  indicator.  During  actual,  firing  it  is  dosirahlo  to  shut 
off  the  air  stream  through  the  firing  chaalior,  and  Immediately  after  firing 
tho  decomposition  products  must  bo  completely  ejected  into  a  suitable  dis¬ 
posal  system.  Since  these  gases  are  corrosive  and  toxic,  the  dampers  were 
arranged  to  prevant  their  flow  through  either  the  debmidifier  or  the  humidity 
indicators.  A  conveniently  accessible  control  panel  van  made  possible  by  using 
Bowden  cables  to  operate  tbs  various  dampers. 

5«  The  Capacitor  Relay  Assembly:  (S«ia  Plates  7  and  3).  Tea  G.  £. 
Cafiacitora  were  mounted  in  five  groups,  one  group  of  four,  two  groups  of  two, 
and  two  single  condensers  on  polystyrene  plates  which  were  in  turn  supported 
by  polystyrene  legs  fastened  to  the  base  of  the  power  chamber.  Five 
vacuum  relays  were  mounted  on  a  polystyrene  plate  which  was  suspended  by 
polystyrene  supports  from  the  too  face  of  tho  power  chamber.  Then  energised 
electrically,  the  relays  are  arranged  to  disconnect  the  five  condenser  groups 
from  a  common  header.  The  lower  ends  of  tie  vacuum  condensers  are  all  connected 
together  by  a  system  of  brass  rods  and  conrectors.  From  this  common  circuit 
a  bus-bar  is  carried  through  the  dividing  fall  on  a  double  coneeehaped  roly- 
etyrene  insulato::  into  the  firing  chamber  end  connected  to  the  lower  electrode. 
The  header  into  which  the  vacuum  relays  are  connected  is  fed  into  a  bu3-bar 
which  connects  to  the  upper  electrode  assembly.  A  three  scale  elecvro3tatic 
voltmeter,  made  by  the  Sensitive  Research  Instrument  Co..,  is  permanently 
connected  between  the  upoer  header  and  the  lower  common  circuit.  The  voltmeter 
thus  measures  the  potential,  developed  across  the  capacitors  and  the  electrode 
system  at  all  times.  Special,  precautions  wore  taken  to  corona-shield  all 
connections  to  the  components  of  this  assembly.  Such  devices  a#  sliding 
sleeves,  hollov.  tubes  and  round  edged  platen  wars  used.  Two  more  vacuum 
relays  ware  arranged  to  isolate  the  capacitor-relay  agBeably  from  the  nowar 
charging  source.  The  isolation  relays.,  one  for  the  upper  header,  the  other 
for  the  lower  common  circuit  were  both  mounted  on  ooly styrene  blocks. 

6.  Control  Box:  (See  Plate  6).  A  bekelite  box  was  constructed  to 
house  the  x>wor  and  control  switches.  To  operate  the  polarity  reversing 
relays  110  AC  was  required.  All  vacuum  relays  are  operated  from  110  IC 
through  dropping  resistors.  Enough  switches  a.?d  connections  were  incoi'ocrateci  to 
jormit  tho  0 'oration  of  higher  capacity  ranges  to  be  ine tailed  at  a  later  date. 
The  wiring  diagram  for  the  whole  apparatus  Is  shown  on  Plate  8. 

VI.  OPERATION  OF  TESTER. 

1.  Procedure?  Explosive  samples  weighing  16  mg.  s re  loaded  into  the 
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nlastic  holder.  (£@s  Plate  1,  Fig.  .3}.  ith  the  firing  chamber  coor 
ooan  so  that  the  electrodes  are  shorted  o.;t,  the  loaded  explosive  holder 
is  niece d  on  the  loVf’cv  oleciprouo.  The  or  -  be  oolnxity  is  .  enoi  the 

desired  capacitor*  step  siso  selected.  ?':e  door  i3  then  closed  and  the 
capacitors  are  brought  u '  to  voltage  by  adjusting  the  voltage  control  knob 
on  the  face  cf  the  Bu’Jont  power  supply,  there  the  desired  voltage  (as 
indicated  b--  the  electrostatic  voltmeter)  has  been  reached,  the  isolation 
relays  are  operated  ty  the  spring  return  switch  on  the  control  ikpx  marked 
"ISOLATE0.  If  there  is  leakage  in  the  firing  syntsai,  it  will  show  up  at. 
this  point  b  a  gradual  decrease  in  the  reading  on  the  voltmeter.  Firing 
is  accomplished  by  normally  depressing  the  probe  to  the  Halt  of  travel, 
which  travel  has  been  previously  adjusted  by  the  stop  nut.  Tilth  primary 
explosives  there  is  usually  no  doubt  to  ths  observer  when  a  sample  has  bean 
successfully  initiated.  After  firing,  the  gaseous  products  are  removed 
and  dry  air  is  again  circulated  through  the  chamber.  Normally  the  air  flow 
through  the  chamber  is  shut  off  at  the  actual  moment  of  sparking. 

2.  Analysis  of  Results;  As  sight  be?  expected  from  the  nature  of 
Electrical  gas  discharge  end  from  the  behaviour  of  explosives  under  initiating 
conditions,  there  is  apparently  a  spread  or  range  of  sensitivity  readings 
from  any  group  of  test  samples  representing  a  particular  explosive*  An 
analysis  of  results  by  appropriate  statistical  methods  would  therefore  ba 
required.  These  aathods  would  give  a  correlation  between  the  explosive 
compound  and  mean  energy,  minimum  energy  xralue  beyond  which  the  explosive 
will  probably  not  be  initiated,  and  a  maximum  energy  above  which  the  ex¬ 
plosive  will  probably  always  be  initiated.  Care  must  be  taken  to  account 

for  possible  sources  of  variation  in  results,  ench  as  probe  shape  and  polarity, 
degree  of  confinement  particle  size  sad  loading  pressure  of  the  explosive, 
the  ratio  of  voltage  to  capacity  size  for  a  particular  energy  level,  humidity 
of  Baaple  and  of  test  apparatus,  spark  length,  rate  of  approach  of  probe, 
tyne  of  illumination  of  gap  aree  (photo  ionisation  to  trip  spark  discharge), 
etc.  Experimental  results  obtained  b.y  this  apparatus  ana  the  statistical 
treatment  cf  these  results  will  be  given  ::i  another  report  which  should 
furnish  information  on  the  degree  of  importance  of  boko  of  the  above 
mentioned  sources  of  variation. 

3.  Future  Considerations;  Pressnt  performance  of  the  sensitivity 
tester  seers  to  indicate  that  the  apparatus  as  it  is  now  arranged  will 
probably  moot  the  isausediate  requirements  mentioned  in  Section  I,  paragraph  3. 

It  is  barely  possible  that  the  range  of  capacitors  will  have  to  be  raised 

to  a  total  of  5000  mf.  Enough  soace  has  boen  left  in  the  power  chamber  to 
permit  expansion  of  the  capacity  range  to  this  value  with  little  rebuilding 
At  a  later  date  it  is  recommended  that  the  entire  present  capacitor  roley 
system  be  replaced  with  non-Folarity  sensi  tive  20  KV  PXaf.it i  con  capacitors 
and  suitable  relays. 

*  The  value  of  the  capacitor  is  obtained  by  adding  the  engraved  numerical  velxies 
associated  with  those  switches  tb-’o’.n  to  the  °ZNB  position.  It  must  be  raiianbsrad 
that  at  the  present  time  only  ills  first  five  -switchas  (tna  left  end  of  the  top 
row  of  switches  of  the  control  bo:-:)  oro  operative.  The  values  of  ha  first  sir: 
switches  are  given  ir  micro-micro  farads.  The  regaining  switches  (decimal 
values)  are  given  in  micro-farado. 
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